Cokeromyces recurvatus, a zygomycete, was isolated by fungal culture from the peritoneal fluid of a cat with jejunal perforation secondary to intestinal lymphosarcoma. This organism has not been recovered previously from a veterinary patient. The tissue form of C. recurvatus is morphologically similar to those of Coccidioides immitis and Paracoccidioides brasiliensis and may be misdiagnosed as 1 of these organisms on the basis of cytologic or histopathologic specimens, particularly in geographic regions where these organisms are not endemic.
Cokeromyces recurvatus Poitras is a dimorphic zygomycete within the order Mucorales, which has only been isolated in North America, and can be found in soils across much of the United States and Mexico. Dimorphism is dependent on the culture medium, temperature of incubation, and degree of anaerobiosis. 9 It is a large (30-90 m), thick-walled yeast in direct specimen, with morphology similar to the yeast phase of Paracoccidioides brasiliensis. With a cursory examination, the yeast phase also may resemble a spherule of Coccidioides immitis; however, these would either show early evidence of internal cleavage or contain endospores. There are only 8 reported cases of human disease or colonization by this organism in the literature to date, and these have been summarized in a recent review. 8 The organism has been recognized only relatively recently, beginning with Shanor's initial isolation in 1950, 12 and reported human cases span only the past 25 years. The mode of transmission is not known, although in cases with symptomatic disease, previous colonization of the involved site (stomach, genitourinary tract, or colon) usually was suspected.
The pathogenic potential of C. recurvatus in humans recently has been debated. 8, 9 Of the 8 reported cases, 5 patients had an underlying condition that might increase susceptibility to fungal infection, including pregnancy, diabetes mellitus, alcoholism, and treatment with immunosuppressants. Of the remaining cases, 1 had diverticulitis, 1 had cystitis, and 1 was a healthy individual. Tissue invasion by the organism From has been described in only 2 cases, 1,13 and 2 other cases have had no clinical signs of disease. 6, 10 The most convincing clinical evidence that the organism causes disease comes from repeated positive fungal cultures and a response to specific antifungal therapy in the absence of concurrent conditions that could cause similar clinical signs. Only 2 reported cases have met these criteria, including an otherwise healthy 72-year-old male with symptomatic hemorrhagic cystitis due to C. recurvatus that responded to amphotericin B therapy. 2 The other case was an 8-year-old male with mixed bacterial peritonitis secondary to a ruptured Meckel's diverticulum with concurrent culture of C. recurvatus; symptoms resolved with antibiotic and fluconazole therapy, but 10 months later, patient had recurrent abdominal pain due to pure fungal peritonitis with C. recurvatus. The patient was treated with fluconazole and amphotericin B, and symptoms again resolved. 8 It has been suggested that the pathogenicity of C. recurvatus is mediated by 1 or more extracellular mycotoxins because it rarely has been observed to invade tissue but appears to cause disease in at least some patients. 9 The 2 cases that have demonstrated tissue invasion have both been in the colon of patients with diarrhea. 1, 13 Although each of these patients responded to antifungal therapy with nystatin, they both also were recent recipients of bone marrow allografts, and it has been noted that diarrhea is a common symptom of graft-versus-host disease in humans after this type of transplant. 9 Other authors have not commented on possible virulence factors for the organism.
A 16-year-old, castrated, male Siamese cat was referred to the Veterinary Medical Center of the University of Minnesota for further evaluation of progressive anorexia and lethargy over a period of 1 month. The referring veterinarian had treated the cat for the past week with subcutaneous fluids and oral antibiotics, with no improvement in clinical signs. The previous day, abdominal radiographs performed by the referring veterinarian revealed a mass effect in the ventral abdomen and loss of serosal detail. Complete blood count (CBC) revealed moderate leukocytosis with a left-shifted neutrophilia. Tests for feline leukemia p48 antigen and feline immunodeficiency virus antibody were negative. Serum biochemical analysis revealed mild hyperbilirubinemia and hypoalbuminemia.
The cat had been obtained from acquaintances in central Minnesota as a kitten and had never traveled outside of the state. He lived both indoors and outdoors on a lake property in Scott County, Minnesota. The clients had traveled to Montana once in the previous year and brought soil home with them to which the cat did not have access. Nobody in the household had traveled to the southwestern United States. The cat had a history of hyperthyroidism that was controlled with oral methimazole and no other history of medical or surgical problems.
Physical examination abnormalities identified at the Veterinary Medical Center on day 1 included listlessness, dehydration, pale and icteric mucous membranes, tachycardia with a grade IV/VI parasternal left systolic murmur, mildly elevated rectal temperature, general-ized muscle wasting, a soft, movable mass in the midventral abdomen, and a large amount of abdominal effusion. Results of thoracic auscultation were unremarkable, and no peripheral lymphadenopathy was evident. A CBC and serum biochemical analysis were performed. Hematologic abnormalities included mild anemia and moderate leukocytosis with a toxic, leftshifted neutrophilia in addition to mild monocytosis. Serum biochemical abnormalities included moderate azotemia, mild hyperphosphatemia, moderate hypoalbuminemia, moderate hyperbilirubinemia, and moderately elevated hepatocellular enzymes.
Abdominocentesis was performed and yielded yellow, slightly turbid fluid with a total nucleated cell count of 37,800/l and total protein of 3.9 g/dl. Cytologic analysis revealed high cellularity with approximately 75% nondegenerate neutrophils and approximately 25% macrophages. Very large (up to 100 m diameter) thick-walled organisms most consistent with the spherules of C. immitis were noted, and no bacteria were seen ( Fig. 1 ). Abdominal ultrasound revealed an intestinal mass apparently at the ileocecal junction, mild bile duct dilation, mesenteric lymphadenopathy, and a large amount of peritoneal effusion. Cytologic analysis of a fine-needle aspirate from the mass was inconclusive because the sample was cytologically consistent with aspiration of lymphoid tissue with primarily small, well-differentiated lymphocytes, a few of which displayed a ''hand-mirror'' shape. Rare, large lymphocytes and lymphoblasts were seen, and the sample was not believed to be neoplastic.
Tentative diagnoses were fungal peritonitis and a small intestinal mass. Differential diagnoses for the mass included neoplasia and a primary infectious or inflammatory focus. The laboratory abnormalities were consistent with an inflammatory response to the fungal peritonitis or mass, or both. The cat was admitted to the critical care unit for supportive treatment pending further diagnostic testing the following day, and a nasoesophageal tube was placed for feeding and administration of itraconazole. A lateral thoracic radiograph obtained to confirm positioning of the feeding tube revealed a large amount of free air caudal to the diaphragm; abdominal radiographs confirmed significant pneumoperitoneum. The radiographs obtained by the referring veterinarian the previous day were reviewed and found to be suggestive of scant free peritoneal air.
The cat was diagnosed with a perforated viscus and was anesthetized for exploratory celiotomy. At surgery, a large amount of turbid, yellow peritoneal fluid with fibrin tags was present. The palpable abdominal mass was found to consist of omentum surrounding an area of perforated jejunum; no discrete mass was visible in either organ. The remainder of the intestinal tract was grossly normal, other than serosal changes consistent with septic peritonitis. There was marked lymphadenopathy of a mesenteric lymph node, and the liver was dark and granular in appearance with diffuse, pinpoint, white lesions. A jejunal resection and anastomosis was performed to remove the affected intestine, along with a partial omentectomy. Lymph node and hepatic biopsies were obtained, and a sample of the peritoneal fluid was submitted for bacterial and fungal cultures. After anesthetic recovery, the cat was treated with supportive care, intravenous antibiotics, and oral itraconazole.
On day 2, thoracic radiography and funduscopic examination were performed; both were unremarkable. Serologic testing for fungal infection with cryptococcosis, histoplasmosis, blastomycosis, and coccidioidomycosis was submitted. Recheck CBC revealed a nonregenerative anemia and an increased leukocytosis with a toxic, left-shifted neutrophilia. Atypical leukocytes were seen that appeared highly reactive and were suspected to be both activated monocytes and reactive lymphocytes. Cytologic evaluation of peritoneal fluid obtained at surgery was similar to that of the initial sample. No bacterial growth was noted on direct culture or enrichment broth of the fluid. Treatment was continued, and enteral feeding was initiated through the nasoesophageal tube.
On day 3, CBC revealed progressive anemia and leukocytosis and unclassified cells similar in morphology to the previous day but fewer in number. The cat's clinical status markedly improved after a transfusion of type-matched packed erythrocytes. However, enteral feeding was discontinued because of emesis. Antiemetic therapy was initiated, and the cat was started on parenteral nutrition. On day 4, emesis continued, particularly after each itraconazole dose, and the cat seemed less bright clinically. Additional antiemetic agents were started, and the itraconazole dose was decreased.
On day 5, the cat's attitude had declined significantly. The CBC revealed persistent anemia, a leukemoid leukocytosis with a toxic, left-shifted neutrophilia, and marked thrombocytopenia. Review of the peripheral blood smear revealed a marked increase in segmented neutrophils with many band neutrophils and rare neutrophil metamyelocytes present, and moderate toxic change. Several unclassified cells, most consistent with neoplastic lymphoblasts, were noted. The results of the fungal serologic testing became available and were negative for coccidioidomycosis and the other 3 agents.
Histopathology of the biopsy samples revealed intermediate-grade jejunal lymphosarcoma of T-cell origin on the basis of histomorphologic and immunohistochemistry results. The omentum and mesentery showed a severe pyogranulomatous inflammation with focal fat necrosis and abundant fungal, yeast-like elements that were up to 100 m in diameter and reminiscent of C. immitis spherules. The mesenteric lymph node had a complete loss of normal architecture because of effacement by a monotonous lymphoid population with an accompanying number of histiocytic cells. Fungal elements were not found. The liver biopsy revealed a diffuse and focally severe, pyogranulomatous perihepatitis admixed with many fungal elements. Moreover, there was a moderate, acute, multifocal, necrotizing hepatitis of unknown etiology. On the basis of the concurrent diagnoses of intestinal lymphosarcoma and fungal peritonitis along with the declining clinical status of the cat and the grave prognosis for recovery, the clients elected euthanasia.
A complete necropsy was performed. The cat had a body condition score of 3.5 on a 1-5 scale, with no clinically important external lesions and minimal autolysis. Approximately 60 ml of dark yellow, slightly viscous fluid was present in the abdominal cavity. There was widely disseminated mesenteric, perirenal, and peripancreatic fat necrosis. The pancreas was enlarged and nodular. There were several yellow, raised plaques on the left and right lateral liver lobes associated with hemorrhage. The hepatic parenchyma was diffusely yellow. The mesenteric lymph node was moderately enlarged and pale, with a red, friable center. In the thoracic cavity, a sternal lymph node was enlarged and tan-reddish in color. Gross lesions were not seen in other organs.
Tissue specimens were fixed in neutral-buffered 10% formalin, routinely processed, and 5-m-thick sections were cut and stained with hematoxylin and eosin (HE) and examined by light microscopy. Histologic examination of the abdominal wall revealed severe peritonitis and myositis with multifocal to coalescing, lymphocytic and suppurative inflammation. Multiple, spherical, yeast-like organisms were seen, characterized as 30-75 m in diameter with a 1-mthick eosinophilic wall and occasional spikes, which may have been artifactual. The internal contents of these organisms consisted of basophilic granular material with occasional clear or eosinophilic to ampho-philic round structures. The organisms were located on the peritoneal surface and did not extend into the muscle, although they were embedded in abundant necrotic cellular debris containing degenerate neutrophils and red blood cells. In the peripancreatic omentum, there was marked suppurative and necrotizing steatitis, with large numbers of degenerate neutrophils admixed with fibrin and occasional yeast-like organisms. There was mild, multifocal, interstitial pancreatitis. The hepatic Glissons' capsule was covered with a thick fibrin membrane containing necrotic debris with neutrophils, red blood cells, and low numbers of yeast-like organisms similar to those seen in the sections of abdominal wall (Fig. 2) . In the hepatic parenchyma, there was severe centrilobular hepatocellular degeneration and necrosis with marked biliary stasis. In the lumen of the stomach, there were multiple, spherical, 20-100 m in diameter organisms with a thin, eosinophilic outer capsule and basophilic granular internal contents slightly resembling those seen on the surface of the peritoneum and liver. The perigastric omentum was diffusely infiltrated with large numbers of small-to medium-sized lymphocytes admixed with fewer neutrophils and rare yeast-like elements. There was no evidence of lymphosarcoma in the intestinal sections examined, indicating focal disease that was completely removed at surgery. Evaluation of the sternal and mesenteric lymph nodes showed no evidence of neoplasia or fungal elements, and the lymphadenopathy was attributed to severe peritonitis. The bone marrow was 60% cellular with all cell populations represented and a myeloid to erythroid ratio of 1:1. There were no significant lesions in sections of urinary bladder, heart, spleen, lung, colon, or jejunum.
Aerobic bacterial culture of the spleen obtained at necropsy yielded pure, light growth of an Enterococcus sp. Culture of the small intestine yielded predominant, heavy growth of an Enterococcus sp. Culture of a conjunctival swab yielded mixed, light growth of both a Corynebacterium sp. and an Enterococcus sp. A pooled tissue sample cultured for Salmonella was negative. A culture of the mesenteric lymph node was negative for fungal growth at 4 days. The cat was diagnosed with severe fibrinosuppurative and lymphocytic peritonitis with moderate numbers of yeast-like organisms; severe, acute, centrilobular, hepatocellular degeneration and necrosis; severe, acute, fibrinosuppurative and necrotizing steatitis; and Enterococcus sp. septicemia, pending the results of the fungal culture.
A sample of abdominal fluid collected at surgery was submitted for fungal culture. Sabouraud dextrose agar (SDA), a potato dextrose agar, b and mycobiotic agar b were inoculated and incubated at room temperature. After 8-10 days of incubation, growth was noted on the SDA agar. The colonies were brown and slightly wrinkled. Direct examination of the organism by wetmount with lactophenol aniline blue stain a revealed the unique characteristics of Cockeromyces recurvatus including sparsely septate vegetative hyphae, sporangiophores, terminal vesicles at the end of the sporangiophore, and sporangiole stalks recurving back toward the vesicle (Fig. 3) . The organism was subcultured to brain heart infusion agar with 5% sheep blood a and incubated in 5% CO 2 at 37 C for 2 days. At 37 C, the organism converted to yeast phase (Fig. 4) . It seems likely that the gastric and small intestinal mucosa of the cat in this report was colonized with C. recurvatus, possibly as a result of immunosuppression due to concurrent neoplasia. The widespread fungal peritonitis probably developed after a perforated viscus went undiagnosed for almost 24 hours, and the lack of positive bacterial growth on culture of peritoneal fluid may be attributed to aggressive, broad-spectrum antibiotic therapy before sampling. The initial diagnosis of an abdominal mass and coccidioidal peritonitis on admission to the Veterinary Medical Center resulted in medical management and significantly delayed discovery of and surgery for the perforated viscus, which may have adversely affected the short-term outcome for this cat.
Although the cat had no travel history or other risk factors for coccidioidomycosis, this was the diagnosis on both the cytologic and initial histopathologic reports. The negative serology for coccidiodomycosis was the sole factor available antemortem to suggest that the fungal organisms seen were not C. immitis, particularly because a recent retrospective study reported that agar gel immunodiffusion to detect antibodies against C. immitis was positive at some time in the course of disease in all 39 clinical cases of feline coccidioidomycosis tested. 5 However, it has been noted that some immunocompromised patients have limited humoral responsiveness and thus could have falsenegative results on an antibody test. 7 This is the first report of C. recurvatus isolation from a veterinary clinical specimen. The cat described here had no evidence of tissue invasion by the organism and had severe concurrent disease in addition to probable immunosuppression secondary to intestinal lymphosarcoma. This case is of interest as the first veterinary example of what may become an emerging human zygomycosis, although it is unclear whether the organism was pathogenic in this cat. It is also significant that the organism was initially misidentified as C. immitis, an important human and veterinary pathogen, on several samples and by multiple veterinary pathologists.
On the basis of the small sample of cases available, it is not uncommon for C. recurvatus to be misidentified, particularly in its tissue phase. In 1 case where the organism was found in a vaginal sample, 6 it was initially diagnosed as P. brasiliensis, a pathogenic fungus that causes the most prevalent human systemic mycosis in Latin America. 3 Initial reports describing the yeast form of Cokeromyces in direct smears of vaginal and colonic specimens incorrectly identified the fungus as Mucor sp., 4,10,11 a genus of zygomycetes well known as opportunistic pathogens. In all these cases, the correct fungal identification was made after sending the sample to a regional reference laboratory. Pathologists in geographical areas where pathogenic fungi such as C. immitis and P. brasiliensis are nonendemic are probably the most likely to incorrectly diagnose these organisms that they would rarely see in clinical samples. When fungal identification from tissue samples does not fit with the case history and other laboratory data, submission to a regional laboratory with additional resources should be considered. The correct identification of C. recurvatus would not have changed the clinical outcome for this cat. However, the knowledge that it had not been infected by C. immitis from an unknown environmental source was of public health value, particularly for the humans and other animals in the cat's household.
